###### Significance Statement

The Suicide Crisis Syndrome (SCS)---an emotional crescendo of several interrelated symptoms---seems to be promising for the identification of individuals at risk of suicide. Hence, we reviewed the putative biological underpinnings of the SCS symptoms (entrapment \[A\], affective disturbance \[B\], loss of cognitive control \[C\], hyperarousal \[D\], social withdrawal \[E\]). Disturbances in the hypothalamic-pituitary-adrenal axis, with dysregulated corticotropin-releasing hormone and cortisol levels, may be linked to A. B is likely mediated by alterations in dopaminergic circuits involved in reward and anti-reward systems as well as endogenous opioids. C is linked to altered neurocognitive function in the areas of executive function, attention, and decision-making. D is linked to autonomic dysregulation, which may be characterized by a reduction in both heart rate variability and electrodermal activity. E has been associated with oxytocin availability. Available data allow for development of empirically testable hypotheses and experimental paradigms to scrutinize the SCS biological substrates.

Introduction {#s1}
============

New diagnoses describing presuicidal mental states may facilitate research in mental processes that make suicide possible and may also help to correctly identify individuals at suicide risk to better target suicide prevention efforts. Three diagnoses have been proposed to date. The Suicidal Behavior Disorder ([@CIT0110]), focused on a suicide attempt (SA) within the past 2 years, was included among conditions needing further study in the Diagnostic and Statistical Manual of Mental Disorders---5th edition (DSM-5) ([@CIT0004]). The Suicide Crisis Syndrome (SCS) ([@CIT0056]) and the Acute Suicidal Affective Disturbance (ASAD) ([@CIT0124]) describe an acute presuicidal mental state, are more recent, and are not present in the DSM-5. The 2 syndromes overlap symptomatically but are also quite different in that SCS does not include suicidal ideation (SI) while ASAD is based on rapidly escalating SI ([@CIT0073]; [@CIT0125]; [@CIT0134]).

In 2009 Galynker and Yaseen initiated research into the SCS based on the pioneering work of Fawcett and colleagues, who were among the first researchers to differentiate near-term risk factors for suicide from long-term risk factors ([@CIT0051]). The term "suicide crisis" was introduced later by Hendin et al., who described "an emotional crescendo of several different but interrelated painful feelings" preceding suicide ([@CIT0069]). Galynker and Yaseen have coined the name SCS in homage to this early work of Hendin and others. For a detailed description of the intermediate steps between the first SCS concept and the subsequent delineation of the proposed DSM criteria for SCS, see ([@CIT0158], [@CIT0159], [@CIT0161], [@CIT0162]; [@CIT0056]; [@CIT0084]).

The current proposed DSM criteria for the SCS have 5 components, separated into 2 categories: Criterion A and Criterion B (see Appendix 1). Both Criterion A and all 4 categories of Criterion B must be met to receive a diagnosis. SI may or may not be present. The proposed DSM criteria are described below ([@CIT0162]).

Criterion A is entrapment/frantic hopelessness, which is an urge to escape or avoid an unbearable life situation when escape is perceived as impossible; thus, death is perceived as the only solution. Typical situations are terminal illnesses, failure at work, or romantic rejection.

Criterion B has 4 categories, each enhancing the predictive validity of Criterion A. All 4 must be present for Criterion B to be met: (1) affective disturbance, (2) loss of cognitive control, (3) hyperarousal, and (4) recent social withdrawal.

Criteria A and B symptoms occur in the days and hours before the SA. Individuals meeting both Criterion A and Criterion B, compared with those meeting either alone, are at higher risk for a near-term SA ([@CIT0162]). Therefore, both are needed to receive the SCS diagnosis.

In the early 1970s, 5 criteria, later known as the Feighner Criteria, were identified for the evaluation of the validity of diagnostic constructs ([@CIT0123]; [@CIT0052]; [@CIT0078]): (1) clinical description, (2) laboratory studies, (3) delineation from other disorders, (4) follow-up studies, and (5) family studies. We have already obtained experimental evidence towards SCS meeting Feighner's Criteria 1 and 4. For a detailed clinical description of the SCS (criterion 1) see ([@CIT0134]). In a preliminary follow-up study of acute psychiatric inpatients, the proposed SCS was found to confer a 7-fold increase in the risk of post-discharge SA ([@CIT0162]) (criterion 4). A replication study in moderate-risk outpatients revealed a 6-fold increase of suicidal behavior over a 1-month period in those who fulfilled the criteria over those who did not (unpublished data). Criteria 2, 3, and 5 still need to be developed. Family studies on suicide, related to criterion 5 primarily, have focused on lifetime suicidal behavior rather than presuicidal mental states.

Past neuroimaging, genomic, and biochemical studies related to criterion 2 have sought to identify potential biomarkers (i.e., measurable biological parameters that increase the risk of a disease) that could help identify a biological risk profile of suicide. Much of the work was done prior to the clinical description of the SCS and ASAD and focused on biomarkers of suicidal behavior without a specific time frame. Exceptions include pioneering work on genetics, imaging, and short-term suicide risk ([@CIT0030]; [@CIT0032]; [@CIT0037]). Nevertheless, several biological risk factors contributing to suicide and nonfatal SA have been identified: alterations in key neurotransmitter systems (serotonergic, polyamine stress response, glutamatergic, and GABAergic systems), inflammatory changes, astroglial dysfunction, neuronal plasticity (brain-derived neurotrophic factor), and lipid alterations ([@CIT0150]; [@CIT0003]; [@CIT0029]; [@CIT0141]). Interestingly, (adolescent) suicide was recently described as a failure of systems implicated in acute stress responses: the autonomic nervous system, the hypothalamic--pituitary--adrenal (HPA) axis, the inflammatory response, and neural systems ([@CIT0100]).

In the present study, we review literature on potential biomarkers previously associated with suicidal outcomes that are likely related to specific SCS criteria and individual symptoms. Our main goal is to formulate testable hypotheses for potential SCS biomarkers that may inform future research investigating a new suicide-specific DSM diagnosis.

Methods {#s2}
=======

A PubMed literature search was performed to identify studies reporting a link between each of the SCS symptoms and candidate biomarkers previously reported to be associated with suicidal outcomes. Additional details for the search strategy have been provided in [supplementary Data 1](#sup1){ref-type="supplementary-material"}.

Studies were included if they focused on any type of biomarker (brain imaging, genomics, biochemical) and if they focused on any suicidal outcomes. Since SCS is an acute state, we prioritized available studies examining biological parameters during acute states. The reference lists of the identified studies and reviews were checked as well for further relevant articles. Our aim was not to perform a systematic review but to provide a picture of current evidence. Because the proposed SCS criteria were derived from a former scale validated by our team, the Suicide Crisis Inventory (SCI) ([@CIT0056]), in the following description of the results we will refer, when possible, to both the SCI and SCS. The SCI leads to a continuous total score and 5 subscales (entrapment, emotional pain, frantic anxiety, fear of dying, and ruminative flooding). Every SCS criterion is dichotomous (presence vs absence).

Results {#s3}
=======

Criterion A: Entrapment/Frantic Hopelessness {#s4}
--------------------------------------------

Entrapment/frantic hopelessness is the core feature of the SCS ([@CIT0054]). Neurobiological mechanisms underlying entrapment could be related to both a strong motivation to escape/flight and to the impossibility to do so (arrested escape/flight). Dixon et al. described "arrested flight" as a response of animals exposed to threatening situations ([@CIT0039]). According to the Cry of Pain/Arrested Flight Model ([@CIT0155]) and the Integrated Motivational and Volitional Model ([@CIT0107]; [@CIT0109]), experience of entrapment may be present in humans as an analogous reaction, and it may also be a core component of the psychological mechanisms underlying depression and SI and behaviors. Entrapment could be linked to HPA axis dysregulation. In fact, saliva cortisol levels were higher in patients having recently attempted suicide than in both patients who had attempted suicide more than a year before and healthy controls ([@CIT0083]). Moreover, depressed individuals with brief SI have a greater cortisol response to a social stressor compared with those with longer and continuous SI and healthy volunteers ([@CIT0121]). Again, inpatients admitted for SA showed lower hair cortisol concentrations compared with both inpatients admitted for SI but without prior SA history and healthy controls ([@CIT0097]). Thus, dysregulated HPA activity may not only distinguish suicidal individuals from controls but may also be a marker of acute vs chronic suicide risk.

Alternatively, a dysregulated HPA axis could be related to a hypothesized stress-responsive subtype of suicide, characterized by impulsive suicidal behavior in reaction to stressful life events and associated with high emotional reactivity and poor cognitive control ([@CIT0016]). The second hypothetical phenotype would be influenced by serotonergic dysfunction and characterized by planned suicidal behavior, depressed mood, and good cognitive control ([@CIT0121]). The association between serotonin transporter low-expressing alleles (S and LG) and increased risk of violent SA ([@CIT0118]; [@CIT0135]; [@CIT0049]) as well as the related gene-environment (G × E) interactions ([@CIT0128]; [@CIT0047]) are also consistent with serotonergic dysfunction underlying mental processes making suicidal behavior possible.

Some of the discrepancies in the reported results could be due to inconsistencies in measured outcomes (e.g., resting cortisol level and cortisol response to stress) as well as from the timing differences in cortisol sampling. Moreover, age could be a potent confounder: in a recent meta-analysis including 27 studies, higher cortisol was associated with SA younger than 40 years and lower cortisol was associated with SA when the patients were ≥40 years old ([@CIT0106]). In addition, the heterogeneity across studies in time elapsed post-SA should be taken into account.

The SCS is an acute state with greater lability than state anxiety ([@CIT0056]), and, like SI, may fluctuate rapidly and last days, hours, or minutes. Therefore, any experimental design to test the hypothesis that entrapment/frantic hopelessness of SCS is subserved by dysregulated HPA axis activity should measure cortisol levels in close temporal proximity to the assessment of Criterion A. If our hypothesis is correct, individuals with high SCS entrapment/frantic hopelessness subscale scores on the SCI will have more labile cortisol levels than those with low scores. Alternatively, in a binary analysis, those meeting criteria for entrapment/frantic hopelessness on the SCS checklist will have more dysregulated cortisol levels measured, for example, in saliva than those who do not meet such criteria. For example, similar to what has been done ([@CIT0121]), saliva samples could be collected at different time points. Entrapment/frantic hopelessness would be evaluated as well at each time point. A probe to elicit mild feeling of entrapment might be of considerable utility.

Criterion B {#s5}
===========

Affective Disturbance {#s6}
---------------------

### Psychological or Emotional Pain {#s7}

The concept of psychological pain is multifaceted and connected with depression and suicide ([@CIT0031]). Over the last 3 decades, several related concepts emerged, most notably emotional pain, psychic pain, and psychache ([@CIT0096]).

Our research team reported that emotional pain was a significant predictor of suicidal behavior in high-risk psychiatric inpatients within a month following discharge ([@CIT0054]). Other experimental support for the role emotional pain may play in suicide was reviewed in a meta-analysis (k = 20) of the association between psychological pain and current or lifetime history of SI and SA ([@CIT0040]). The intensity of psychological pain was found to be higher, even when controlling for depression in (1) participants with lifetime history of SI and participants with current SI compared with those without SI and (2) participants with a lifetime history of SA and participants with current SA compared with those without SA.

The intuitive link between psychological-social and physical pain (think about the expression "broken heart") was confirmed in functional neuroimaging studies ([@CIT0045]). The neural network subserving psychological pain was shown to include the thalamus, anterior cingulate cortex (ACC), posterior cingulate cortex, prefrontal cortex (PFC), cerebellum, and parahippocampal gyrus ([@CIT0045]; [@CIT0095]). With the exception of the parahippocampal gyrus, all of these brain regions, together with the insula, were found to mediate physical pain ([@CIT0045]; [@CIT0095]).

Pertaining to the pain-suicidality link, Elman et al. focused on the pain-pleasure continuum according to a key theory delineating interfacing sensory and emotional pain components ([@CIT0018]; [@CIT0046]). The pathophysiology of physical pain is extremely complex and has long been intimately linked with the reward system ([@CIT0046]). As converging lines of recent evidence suggest, pain also involves allostatic neuroadaptations in reward- and stress-related brain circuits, resulting in a condition of anti-reward ([@CIT0019]). Anti-reward is defined as a neurophysiological state wherein interference with homeostatic functioning of the reward and reinforcement circuitry, through massive outpouring of stressogenic corticotropin-releasing factor, norepinephrine, and dynorphin, results in negative affective states, anhedonia, and motivational states that are rigidly and exclusively focused on the relief of pain (adapted from [@CIT0019]). In our opinion, this definition may be applicable to the concepts of psychache, entrapment/frantic hopelessness, and the Cry of Pain/Arrested Flight Model of suicide as an escape from pain.

Central to the reward system are dopaminergic neurons situated in the ventral tegmental area that project to the nucleus accumbens. The habenula is a central node in the anti-reward system. Elman et al. described 2 syndromes in the context of the pain-suicidality classification: the reward deficiency syndrome, and the enhanced anti-reward syndrome ([@CIT0046]), mediated by the brain's reward and anti-reward systems, respectively. Reward deficiency syndrome is related to decreased motivation and capacity to experience pleasure and the enhanced anti-reward syndrome is related to dysphoria or depression. Both syndromes could lead to suicidal acts.

Another prominent neurochemical substrate involved in both psychological pain and suicide is the endogenous opioid system ([@CIT0089]). It is comprised of opioid peptides known as β-endorphin, enkephalins, and dynorphins. These peptides typically activate 3 receptors: µ, δ, and κ opioid receptors ([@CIT0079]). The µ and κ receptors critically contribute to the regulation of both social reward and social pain ([@CIT0089]). Because both depression and suicidality are characterized by a lower sensitivity to social reward in addition to a higher sensitivity to social pain, µ and κ receptors are promising candidate biomarkers and should be taken into account in the study of acute suicidal states as well.

In summary, neurochemical substrates subserving psychological and physical pain processes are mediated by the reward and anti-reward circuitry via dopaminergic and endogenous opioid neural pathways. We hypothesize that suicidal individuals with high SCI scores on the emotional pain subscale would have more pronounced abnormalities in the above systems than those with low scores and that these abnormalities would be related to acute suicidal outcomes. Moreover, we hypothesize that individuals with SCS emotional pain will differ from individuals without emotional pain in terms of density or activity of opioid µ and κ receptors. They can be assessed through plasma (peripheral sampling), cerebrospinal fluid (CSF), Positron Emission Tomography imaging, and perhaps functional magnetic resonance imaging (fMRI).

### Depressive Turmoil, Rapid Spikes of Negative Emotions, or Extreme Mood Swings {#s8}

Depressive turmoil is a form of emotional dysregulation characterized by rapid increases in mood swings in a matter of days or hours preceding suicidal behavior ([@CIT0054]). We found depressive turmoil to contribute to the predictive validity of SCS criteria in relation to SI and SA ([@CIT0162]). Such mood cycling during an index episode (a change from a manic to depressive syndrome or vice versa) differentiated between those who died by suicide and those who did not ([@CIT0050]). The depressive turmoil construct is similar to affective lability and depressive mixed symptoms; hence, in our biomarkers' search, we have focused on these clinical entities.

Affective lability is characterized by shifts in affective states in response to either positive or negative environmental events ([@CIT0152]). Affective lability predicted SI in bipolar patients ([@CIT0041]) and was associated with SA history in patients with borderline personality disorder ([@CIT0137]). Mixed states/features are defined as co-occurrence of both depressive and manic symptoms, which could be present either in bipolar disorder or in unipolar depression (Koukopoulos and [@CIT0082]; [@CIT0014]). The higher risk of suicide among patients with mixed states is well established ([@CIT0006]). Among patients with bipolar disorder, individuals with a history of mixed states compared with individuals without such a history are at higher risk of suicidal behavior ([@CIT0114]). However, this finding was mainly driven by the greater proportion of time spent depressed rather than by mixed state itself.

To date, there have been very few studies of biomarkers of affective lability ([@CIT0002]). Similarly, relatively few studies have investigated differences in potential biomarkers between mixed and nonmixed episodes ([@CIT0026]). In particular, cortisol levels were reported to be different in mixed manic patients compared with nonmixed, but the results on the direction of this association are conflicting. Interestingly, when the dexamethasone suppression test was administered to 10 bipolar patients, only the 7 patients with mixed symptoms failed to suppress cortisol; the 3 patients with manic type were normal suppressors ([@CIT0048]).

Two neurophysiological models have been proposed to better understand major depressive episodes (MDEs) with mixed features ([@CIT0098]). The emotional regulation model posits that patients with mixed features tend to be hyperreactive and to have unstable emotional responses ([@CIT0070]). An alternative vigilance regulation model (vigilance in the sense of "brain arousal") posits that patients with mixed features show dysregulation of vigilance. Such dysregulation, associated with rapid fluctuations on electroencephalography (EEG) ([@CIT0067]), may result in an acceleration of psychomotor behavior and the tendency to engage in very stimulating environments to stabilize vigilance level at a satisfactory level.

We can therefore hypothesize that depressive turmoil of the SCS will lead to dysregulation of vigilance, associated with rapid fluctuations on EEG. A specific algorithm may be used to assess EEG vigilance for the classification of stages from high alertness to sleep onset, for example, the VIGilance Algorithm Leipzig ([@CIT0098]).

### Frantic Anxiety and Dissociative Symptoms {#s9}

There exists substantial evidence that, overall, anxiety disorders are associated with higher levels of SI and SA ([@CIT0015]; [@CIT0038]), and, even more importantly, they were found to predict the transition from SI to SA ([@CIT0093]). Frantic anxiety of the SCS can be described as painful mental arousal and increased motor function (i.e., the urge to move or to do something). Fawcett et al. found that severe psychic anxiety, together with other features, was associated with suicide within 1 year in patients with a major affective disorder ([@CIT0051]). We reported that past-year panic attacks were significantly associated with lifetime SI and SA ([@CIT0077]). Specific panic symptoms, fear of dying and fear of losing control, were more strongly associated with SA ([@CIT0077]). For a consensus statement concerning biological markers for anxiety disorders, see ([@CIT0011], [@CIT0012]).

With regard to the biomarkers linking acute suicidal behavior with anxiety states, recently interleukin-8 (IL-8) (plasma and CSF) levels were found to be significantly lower in inpatients admitted after a SA with acute anxiety compared with healthy controls ([@CIT0072]). Moreover, suicide attempters carrying the T allele of rs4073 of the *IL8* gene showed more severe anxiety. Also, the Spindle and Kinetochore Associated complex subunit 2 (*SKA2*), involved in stress response and cell cycle regulation, was found to significantly interact with anxiety to explain about 80% of suicidal behavior and progression from SI to SA in living cohorts ([@CIT0062]). Moreover, in the same study, greater DNA methylation at *SKA2* and less expression were found in suicide decedents compared with controls. Finally, *SKA2* methylation was found to be associated not only with SI and SA but also with current and lifetime symptoms of internalizing disorders ([@CIT0129]).

Concerning possible dissociative symptoms and the broader concept of dissociative experiences (absorption, disengagement, emotional constriction or numbing, memory disturbances), a recent meta-analysis (k = 216) focused on Dissociative Experiences Scale scores across different diagnoses and confirmed the presence of dissociative symptoms in nearly all psychiatric disorders ([@CIT0090]). Furthermore, in another recent meta-analysis, psychiatric patients with SA and NSSI reported higher Dissociative Experiences Scale scores compared with non-SA and non-NSSI patients ([@CIT0023]).

For a recent review on dissociation and the dissociative disorders and a description of psychobiological aspects of dissociation, see ([@CIT0086]). Autonomic changes are present. Dissociation has been related to the animal "freeze" or "feigning death," a protective response in the face of a danger where escape failed or would be more dangerous. Dissociation as a syndrome is tightly related to trauma, with reduction in hippocampal and amygdala volumes. Concerning genetic studies, single nucleotide polymorphisms implicated in dissociation in interaction with traumatic experiences (G × E) are linked to the HPA axis (FKBP5), serotonergic (5-HTTLPR), dopaminergic (catechol-O-methyltransferase), and BDNF systems ([@CIT0087]).

Hence, biomarkers associated with anxiety and dissociation, together with traumatic experiences, should be considered as well. We can hypothesize that individuals with SCS frantic anxiety may have lower *SKA2* expression and higher methylation levels compared with patients without it. As recently suggested ([@CIT0157]), *SKA2* methylation can be assessed through peripheral blood testing.

### Acute Anhedonia {#s10}

Anhedonia refers to inability or reduced ability to experience pleasure. Researchers have distinguished several subtypes of anhedonia: anticipated, experienced/consummatory, remembered, and motivational anhedonia (incapacity/reduced capacity to expect pleasure from an experience, experience pleasure, recall experienced pleasure, and feel motivated to join in an activity to feel pleasure, respectively) ([@CIT0122]). Moreover, acute anhedonia is distinct from chronic anhedonia.

In a number of clinical studies, anhedonia was found to be associated with indices of suicidality independent from depression severity. These data were recently reviewed in a meta-analysis (k = 15) ([@CIT0042]). Anhedonia was found to be higher among patients with current SI than in those without; after controlling for depression and psychiatric disorders, a medium effect size remained. Our recent study compared acutely anhedonic, chronically anhedonic, and nonanhedonic outpatients who were classified based on their responses to the Snaith-Hamilton Pleasure Scale ([@CIT0066]). Independent from anxiety and depression symptom severity, acutely anhedonic patients reported cross-sectionally and prospectively higher SI compared with nonanhedonic patients. Surprisingly, no difference in severity of SI was observed between the nonanhedonic and chronic anhedonic groups.

For a description of animal models of anhedonia, see ([@CIT0060]). Brain structures involved in anhedonia overall are cortical (ventromedial and medial PFC, orbital frontal cortex, and ACC) and subcortical (basal ganglia and striatum---in particular the nucleus accumbens, ventral pallidum, ventral tegmental area, and substantia nigra---amygdala and hippocampus) ([@CIT0147]).

The already mentioned anti-reward system, and in particular the habenula, contributes to anhedonia in depression ([@CIT0046]). With regard to anhedonia subtypes, deficits in the individual capacity of hedonic response after rewards (consummatory anhedonia) are different from the diminished motivation to pursue rewards (motivational anhedonia) ([@CIT0147]). Animal models suggested that the mesolimbic dopamine system (dopamine neurons innervating the ventral striatum) may be selectively involved in motivational anhedonia but not in consummatory anhedonia ([@CIT0148]). In particular, motivational anhedonia is associated with dopaminergic dysfunction in mesolimbic ([@CIT0146]) and mesocortical ([@CIT0151]) circuits. Consummatory anhedonia is modulated by the opioid system, amygdala, and ventromedial PFC ([@CIT0147]). Moreover, a role of inflammation has been hypothesized in anhedonia ([@CIT0143]).

In summary, the identification of distinct neural circuits mapping the distinct anhedonia components is warranted, as recently suggested ([@CIT0007]). To identify the substrate of SCS, these studies must include acute anhedonia. Moreover, because acute anhedonia could be associated with rapid changes in hedonic capacity, fMRI and ecological momentary assessment could be employed to capture these changes.

Loss of Cognitive Control {#s11}
-------------------------

### Ruminative Flooding {#s12}

Ruminative flooding is defined as a particularly intense form of rumination distinguished by its association with head pain (distinct from a regular headache), head pressure, or, in extreme cases, by the sense that the head could explode from the pressure of ruminative thoughts ([@CIT0159], [@CIT0160], [@CIT0161]). All individuals with ruminative flooding experience other aspects of loss of cognitive control to some degree but also experience distinct somatic symptoms and loss of control over their thoughts. We reported ruminative flooding to be associated with suicidal behavior in several prospective studies with different patient populations ([@CIT0158], [@CIT0159], [@CIT0160], [@CIT0161]; [@CIT0056]).

Patients experiencing ruminative flooding describe that they cannot control their perseverative thoughts but rather they report feeling controlled and derailed by them, even though they may understand their lack of logic. In this respect, ruminative flooding overlaps with several aspects of thought disorder, which belongs in the psychotic spectrum. Similarly, the somatic symptoms of ruminative flooding overlap with somatic delusions present in psychosis. We hypothesize that ruminative flooding is an SCS subsyndrome that crosses into the realm of psychosis, similar to psychotic panic ([@CIT0055]). The fact that clozapine, together with lithium, possesses well-documented anti-suicidal properties ([@CIT0013]) is concordant with this hypothesis.

The neurobiological substrates of thought disorder have been extensively described ([@CIT0154]; [@CIT0027]; [@CIT0142]). Although the literature on this topic is vast and its thorough presentation is beyond the scope of this review, structural neuroimaging correlates implicated in thought disorder in schizophrenia include the left superior temporal gyrus, the orbitofrontal cortex, amygdala, hippocampus, nucleus accumbens, cerebellum, and corpus callosum ([@CIT0142]). Abnormal activation in brain regions specifically associated with language and speech processing (left hemisphere) was reported in thought disorder ([@CIT0154]). A potentially causative nucleotide deletion in the region 6q26--27 (164377205 AG \> A) was found to affect formal thought disorder ([@CIT0145]). The deletion is predicted to impair a regulatory site for the transcription factor Myocyte Enhancer Factor 2A involved in postsynaptic differentiation.

Besides thought disorder, ruminative flooding is phenomenologically similar to repetitive negative thinking seen in obsessive-compulsive disorder (OCD). In fact, repetitive negative thinking has been proposed to be transdiagnostic, prominent in major depressive disorder, generalized anxiety disorder, and OCD ([@CIT0153]). Moreover, metabolic, neuroinflammatory, and serotonergic abnormalities were found to play a role in OCD pathophysiology as well ([@CIT0068]), with the involvement of, among other structures, the caudate nucleus, putamen, and orbitofrontal cortex.

Therefore, we can hypothesize that individuals with SCS ruminative flooding would have functional abnormalities in brain areas associated with language processing compared with those without ruminative flooding ([@CIT0154]); moreover, they will have functional abnormalities in corticostriatal-thalamocortical circuits.

### Intense and Persistent Ruminations {#s13}

Rumination is the tendency to repetitively focus on the meaning, causes, and consequences of negative emotions, such as depressed mood ([@CIT0104]). Two types of rumination have been described: brooding rumination (negative thinking about one's own mental state) and reflective pondering or self-reflection (problem-solving--oriented intentional pondering) ([@CIT0149]). For a review focused on maladaptive brooding rumination as a trans-diagnostic factor in different psychiatric disorders, see Luca ([@CIT0088]). Brooding rumination, compared with reflective pondering, was found to be more strongly associated with prospective SI ([@CIT0108]). Moreover, suicide-specific rumination was associated with a lifetime history of SA beyond other common risk factors such as general rumination ([@CIT0126]).

The default-mode network (DMN) has been implicated in rumination ([@CIT0063], [@CIT0064]). The DMN, including posterior cingulate and medial prefrontal cortices, has shown decreased activity during attention-demanding tasks and augmented activity during wakeful rest ([@CIT0119]). Increased activation in the DMN was associated with higher maladaptive, depressive rumination and lower adaptive, reflective rumination. Moreover, increased functional connectivity between the DMN and subgenual PFC has been suggested as a neural substrate of depressive rumination ([@CIT0064]).

In addition, these midline cortical structures are also implicated in self-referential thinking ([@CIT0105]), which is likely related to the kinds of rumination that occur in the SCS. Hence, we hypothesize that individuals with SCS rumination will exhibit increased activation in the DMN in a resting-state fMRI study. Moreover, connectivity between the DMN and the subgenual PFC might be altered as well.

### Cognitive Rigidity {#s14}

Cognitive rigidity is a disposition to think in a rigid and inflexible manner ([@CIT0103]). It has been linked to suicidality because this rigidity contributes to difficulty in developing new or alternative solutions to emotional problems ([@CIT0058]). Moreover, cognitive rigidity seems to be associated with perfectionism ([@CIT0022]), a trait often associated with SI and SA ([@CIT0054]; [@CIT0085]; [@CIT0140]).

Cognitive rigidity is associated with deficits in executive function (EF). For a review of the existing literature on the relations between EF and suicidality, see ([@CIT0020]). Indirect evidence of the relation between EF deficits and suicide risk was found in structural and functional abnormalities in the PFC of suicide attempters ([@CIT0075]). Furthermore, cognitive rigidity may also be related to attentional bias/cognitive interferences that were shown to be present in neuropsychological tasks in suicide attempters ([@CIT0028]; [@CIT0059]).

We hypothesize that individuals with SCS cognitive rigidity may exhibit abnormalities in the PFC.

### Failure of Thought Suppression {#s15}

The propensity to consciously suppress aversive thoughts is associated with suicidal thoughts and behaviors ([@CIT0102]; [@CIT0034]; [@CIT0115]; [@CIT0120]). Nock and his team proposed the following model in an attempt to describe the negative reinforcement function of thought suppression and self-injury ([@CIT0102]): high emotional reactivity leads to an intense experience of aversive thoughts and emotions, which triggers the suppression of these thoughts. Thought suppression, in turn, exacerbates the aversive thoughts/emotions: in fact, thought suppression is not always sustainable, particularly in the case of competing cognitive demands. When it fails, aversive thoughts and emotions may reoccur with higher frequency/intensity. The patient experiencing this exacerbation, in order to reduce it, may engage in suicidal thoughts and behaviors. The paradoxical or rebound effect of thought suppression has been reported ([@CIT0001]).

Activation in dorsolateral PFC (DLPFC) and ACC during thought suppression was lower in depressed patients compared with an at-risk group defined as having a first-degree relative with depression and healthy controls ([@CIT0025]).

Resting heart rate variability (HRV), defined as the standard deviation of the RR intervals (the distance between each heartbeat) on the electrocardiogram, is a measure of how the heart responds to physiological demand ([@CIT0144]). HRV was reported to be associated with physiological, emotional, cognitive, and behavioral processes involved in self-regulation. Low HRV is a risk factor for pathophysiology (dysfunctions involving physiological, affective, and cognitive regulation) and psychopathology ([@CIT0144]). Moreover, HRV has been reported in multiple studies to be reduced in depressed patients ([@CIT0136]; [@CIT0133]). Individuals with higher resting HRV, compared with those with lower levels, produce context-appropriate emotional responses and perform better on tasks requiring EF. Hence, higher resting HRV seems to be related to the capacity to flexibly adjust one's feelings, thoughts, and behaviors to adapt to situational demands.

Higher resting HRV was also found to be associated with the ability to control unwanted thoughts with thought suppression ([@CIT0057]). Gillie et al. interpreted this finding considering thought suppression as likely to be effective only when it is one among other self-regulatory strategies that can be flexibly applied in response to environmental challenges.

We hypothesize that individuals with SCS thought suppression may differ from patients without it in terms of a lower resting HRV. Thought suppression task can be readily studied during electrocardiogram ([@CIT0057]) when participants are asked to record occurrences of a personally relevant intrusive thought over monitored periods ([@CIT0057]).

Hyperarousal {#s16}
------------

### Agitation and Irritability {#s17}

Agitation is a state of increased psychological and physical arousal during which the individual may feel restless or tense. From a chart review study, 1 week prior to death by suicide, 50% of patients reported severe or extreme agitation ([@CIT0021]). In a recent meta-analysis (k = 13), the association between agitation (severe psychic anxiety) and suicidal behavior was found to be moderately strong ([@CIT0127]). Irritability was also reported to be associated with both SI and SA ([@CIT0111]). As discussed in the section on depressive turmoil, both psychomotor agitation and irritability (inner psychic tension) are symptoms of agitated (mixed) depression with/without racing/crowded thoughts (Koukopoulos and [@CIT0082]; [@CIT0014]). These 2 subsyndromal manic symptoms were found to be highly prevalent in bipolar MDEs and were found to be associated with more SI and SA ([@CIT0076]).

The psychological constructs of agitation/irritability are linked to physical arousal. Together with HRV, already described, electrodermal activity (EDA), or skin conductance, is a basic indicator of the state of the autonomic nervous system ([@CIT0132]). Heart rate is modulated by both the sympathetic and parasympathetic arms of the autonomic nervous system. EDA is modulated solely by the sympathetic nervous system. EDA uses the quantity of sweat secreted by eccrine sweat glands in the hypodermis to measure changes in the electrical conductance of the skin. EDA is thought to be an indicator of emotional states such as agitation/irritability. EDA is measured by passing direct current through the epidermis of 2 fingers attached to 2 electrodes while a moderately strong tone plays through headphones at specific intervals ([@CIT0131]). Sensors located within the electrodes then register the EDA to the tones. Individuals can show high EDA and slow habituation to specific stimuli (labile individuals), or low EDA and more rapid habituation (stable individuals). In terms of personality, EDA-labile individuals are described as internalizing, overcontrolled, and agreeable, whereas EDA-stable individuals tend to be externalizing, emotionally expressive, more irritable, and more antagonistic ([@CIT0033]; [@CIT0132]).

A reduction in HRV ([@CIT0156]) was observed in suicide attempters. Moreover, in a systematic review, low EDA was found in both depression and suicidal behavior, and EDA has been hypothesized to be a good indicator of acute suicide risk, even if further studies are needed ([@CIT0132]). Furthermore, Sarchiapone et al. suggested that EDA could help in the future to distinguish between depressive subtypes; patients with psychomotor retardation found in endogenous and psychotic depression were found to have lower EDA than patients with agitation, found in nonendogenous and nonpsychotic depression ([@CIT0132]).

Hence, low HRV and low EDA might be present in SCS as well and deserve further investigation. We hypothesize that individuals with SCS agitation and/or irritability may differ from patients without these symptoms in terms of lower HRV/EDA.

### Hypervigilance {#s18}

Hypervigilance is defined as a behavioral, cognitive, and physiological state of sustained alertness and hyperarousal in the absence of a specific threat. Our research team reported hypervigilance as contributing to the predictive validity of SCS diagnosis ([@CIT0162]). Increased fear-potentiated startle has been reported in depressed patients with a history of SA compared with those without SA ([@CIT0010]). Impaired fear-potentiated startle was found in patients with focal bilateral basolateral amygdala damage ([@CIT0081]). Further, the amygdala has been extensively implicated in the hyper-reactivity of patients at risk for suicidal behavior ([@CIT0065]). Indeed, the amygdala has been implicated in suicide in several postmortem studies ([@CIT0071]; [@CIT0005]; [@CIT0091]; [@CIT0112]). Hence, the role of the amygdala should be investigated in the context of SCS; for example, in a shock paradigm comparing SCS patients with and without hypervigilance. Moreover, because we already described in the depression discussion the vigilance regulation model, we can hypothesize that, similarly, individuals with SCS hypervigilance will differ from patients without in terms of unstable regulation of the vigilance.

### Insomnia {#s19}

The association between insomnia and suicidal behavior is well established ([@CIT0117]). Sleep disturbances across different psychiatric diagnoses are significantly associated with suicidal behaviors; these include depression, posttraumatic stress disorder, panic disorder, and schizophrenia ([@CIT0092]). Higher risk was conferred by insomnia, parasomnias, and sleep-related breathing disorders but not by hypersomnias. Recently, insomnia, together with other factors, was found to predict SA in a 6-year longitudinal study ([@CIT0043]). Furthermore, not only sleep disturbances but also being awake at night were found to confer greater risk for suicide than being awake at other times of the day ([@CIT0113]), and evening and night work shifts were associated with increased SI compared with day work shifts ([@CIT0080]).

Some factors that modulate the association between sleep problems and suicidal behavior include sleep deprivation-induced neurocognitive deficits, emotional dysregulation, alterations in circadian rhythms, and negative feelings ([@CIT0117]). In a recent study, in 50 of 4847 university undergraduate participants with SA history and recent SI, both objective and subjective measurements of sleep disturbances predicted acute SI increases independently of depression ([@CIT0017]). More specifically, self-reported insomnia, nightmares (subjective parameters), and sleep variability measured with actigraphy were found to be acute warning signs of SI.

Clearly, sleep quality and quantity can be measured, and one possible research design suggested by Bernert et al. ([@CIT0017]) is of interest in which patients with and without SCS would wear an actigraph that measures various sleep parameters on the wrist for 21 consecutive days while completing a sleep diary.

Recent Social Withdrawal {#s20}
------------------------

The term social withdrawal is used to indicate deficits in social functioning present in many neuropsychiatric disorders ([@CIT0116]). When different social-relatedness constructs (marital status and living alone, social isolation, loneliness, alienation, and belongingness) were reviewed in their association with suicidal outcomes, both the objective conditions (e.g., living alone) and the subjective feeling of being alone (i.e., loneliness or perceived social isolation) were strongly associated with suicidal outcomes, in particular with SA and SI ([@CIT0024]). Our research team used a Visual Analogue Scale to assess feelings of connectedness to a support network ([@CIT0162]). Social withdrawal, alone and in combination with entrapment, contributed to the predictive validity of SCS for postdischarge SA.

The pathophysiology of social isolation was studied from the viewpoint of stress. According to animal models, exposure to social isolation stress produces a variety of pathophysiological changes ([@CIT0101]). These include hormonal changes, such as HPA axis activation, culminating in the release of glucocorticoids; activation of the sympatho-adrenomedullary system and the release of oxytocin and vasopressin; changes in neurotransmitter systems, such as dopamine, serotonin, gamma-aminobutyric acid and glutamate; alterations in endogenous opioid and cannabinoid systems; and, finally, changes in inflammatory and neuroplasticity-related signaling pathways.

The anti-reward system may be linked to social isolation and withdrawal while reward has evolved in the direction of emotional attachment and affiliation ([@CIT0046]). For a review focused on neurobiological substrates of social withdrawal, considered as a trans-diagnostic domain in schizophrenia, Alzheimer's disease, and major depressive disorder, see ([@CIT0116]).

Alternatively, social isolation can be conceptualized in terms of a social threat hypothesis of anxiety, inflammation, and depression ([@CIT0139]). Elevated levels of actual or perceived social threat (among others, social isolation) were posited to increase anxiety and activate social signal transduction pathways that upregulate inflammatory activity. Prolonged experiences of social threat may lead to both high inflammation and inflated perceptions of social threat. Within this framework, social anxiety-related disorders ([@CIT0053]; [@CIT0036]) and social isolation/loneliness are linked in a mutually reinforcing vicious cycle.

Among other modulating factors, oxytocin was hypothesized to be involved in the complex link between social sensitivity and suicide through increasing the salience of social stimuli. Because oxytocin is essentially a hormone of social bonding and attachment, its lack likely leads to social withdrawal. Indeed, low CSF and plasma oxytocin levels were found in suicide attempters compared with controls, with low oxytocin levels in patients with strong intent to die ([@CIT0074]).

The genetics of loneliness have been extensively reviewed ([@CIT0061]). Among others, a specific genetic variant that controls oxytocin release (CD38, Cluster of Differentiation 38) was reported to be associated with higher social sensitivity and with both depression and SI among university students ([@CIT0094]).

Thus, in addition to reward/anti-reward system abnormalities previously described in the discussion of other SCS components, oxytocin may play a prominent role in linking SCS with social withdrawal. Future studies of this link may include plasma and CSF oxytocin assays. In parallel with acute anhedonia, we hypothesize the SCS syndrome will be associated with acute social withdrawal while chronic social isolation may be related to long-term suicide risk.

Discussion {#s21}
==========

The focus of this review was on the identification of potential biomarkers for SCS, an acute presuicidal syndrome characterized by a negative affective state combining an overwhelming sense of entrapment/frantic hopelessness with cognitive and emotional dysregulation. The results could form the basis for the development of empirically testable hypotheses to refine the structure and boundaries of the SCS as a whole.

In the most general terms, we can hypothesize that individuals affected by the SCS exhibit dysregulation in the brain circuits described in the results. More specifically, abnormalities in the HPA axis, with dysregulated cortisol levels, could be linked to entrapment. Both psychological pain and anhedonia are likely to be mediated by alterations in brain dopaminergic circuits involved in reward and anti-reward as well as changes in endogenous opioid systems. The loss of cognitive control is linked to altered neural processing in the brain areas underlying thought disorder and involved in executive function, attention, and decision-making. Hyperarousal is linked to autonomic dysregulation manifesting both as reduced HRV and altered EDA. Finally, social withdrawal appears to be modulated in part by oxytocin availability.

Future research directions should examine these potential biomarkers in relation to rapid symptomatologic changes in the SCS intensity. The ideal study design would include the assessment of SCS criteria and the putative biomarkers before, during, and after the suicidal crisis using ecological momentary assessment or another methodology with similar temporal resolution in real time. In addition to capturing putative psychopathological changes at their peak, longitudinal studies, or studies similar to those by Bagge's group (timeline follow-back methodology) ([@CIT0008], [@CIT0009]), would be very informative. In this review, we have suggested specific testable hypotheses for SCS symptoms.

Considering that the SCS is an acute state, careful attention should be given to the role of (early) stressful life events in triggering this state. To detect clinically relevant effects, initially, high-risk populations should be studied, such as acute psychiatric inpatients. Although paradigms such as the Trier Social Stress Test could be used to examine the induction of SCS, provocative experimental paradigms would present significant ethical challenges. One alternative would be the use of virtual reality to reduce the burden of these challenges.

The SCS and suicidal behavior are trans-diagnostic. Nevertheless, SCS structure may vary across different established diagnoses, as is the case for other trans-diagnostic symptoms ([@CIT0099]; [@CIT0044]). We can hypothesize that psychological pain would be present specifically in individuals with impaired affect regulation such as patients with depression or borderline personality disorder. In contrast, ruminative flooding may be overrepresented in the psychotic spectrum disorders.

The suggested possible biomarkers and future research directions should be considered within the limitations of this review, which is the first attempt to our knowledge to draft a biological description of the SCS. Because no biological correlates of the SCS have been described, much of the supporting evidence was gathered from the studies of long-term suicidal risk. This is a simplified picture of the evidence; hence, our proposition of specific biomarkers related to every SCS criterion is a necessary schematization and an oversimplification. To provide more detail at this stage of SCS research would be premature, but such experiments could and will be delineated in subsequent phases of scientific inquiry. Clearly obtaining the supporting genetic and epigenetic evidence is of critical importance.

Finally, several possible other biomarkers were not mentioned here for several reasons: the lack of a direct or plausible link with the specific SCS symptoms, the lack of evidence of their modulation of suicidal risk, and brevity. Nonetheless, they might prove to be relevant or even extremely relevant. Two examples can be identified. First, neuropeptides, specifically neuropeptide Y (NPY), might play a role in SA. Lower CSF NPY, in fact, was found in euthymic bipolar patients with a history of SA compared with patients with no such history ([@CIT0130]). Moreover, CSF NPY was markedly lower in patients who attempted suicide in the year after the examination (prospectively examined) compared with nonattempters (n = 8 vs n = 90). Second, the role of gut microbiota (microbiota-gut-brain axis), discovered not only for depression ([@CIT0035]) but also for complex aspects of social behaviors ([@CIT0138]), should be taken into account together with the biomarkers here listed.

Conclusion {#s22}
==========

Compelling clinical evidence exists in support of a new suicide-specific phenomenological and diagnostic entity, the SCS. Including SCS in diagnostic manuals, in a new section dedicated to suicide, will reflect the clinical reality of the suicidal state and behavior comprising a mental illness with potentially fatal outcome. The present review identifies neural, neuroendocrine, genetic, and physiological mechanisms that could be targets in experimental paradigms for examination of biological substrates of the SCS. If successful, the results of the proposed scientific inquiry would add to the clinical evidence supporting the validity of the SCS as a new suicide-specific diagnosis and would instill clinicians with confidence in identifying and treating patients at risk for imminent suicide.
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